We show the results of a feasibility study for investigating shock structure and for measuring equation-of-state parameters using high-energy, short-pulse lasers. We discuss the temporal and spatial structure of the luminosity from laser-driven shock unloading in aluminum foils. We demonstrate that shock velocity can be measured by observing the time Interval between shock emergence across two thicknesses and show data for shocks o,~ 1.3 and 2.1 Mbar. The fact that He observe shock fronts cleanly breaking through steps as small as 3 \im indicates that the shock front thickness Is very small in the few megabar region; this is the first experimental verification that these fronts are not rr.ore than a few micrometers thick. We present approximate measurements of free-surface velocity. Finally, we speculate on the use of these techniques to obtain detailed equation-of-state data.
INTRODUCTION
Part of the justification for the laser fusion program at its inception was that it might contribute to our understanding of nuclear weapons physics. This was a well-founded justification because the power densities realized at the focus of high-energy, short-pulse lasers are matched only in nuclear explosions. These power densities are achieved by no other laboratory device. Although the present level of laser technology is not such that it can b<5 done easily, there is no other laboratory means of studying such high-power density physics.
One area of physics of particular interest to weapons designers is hydrodynamics at high-energy density, and a particular subset is the structure of shock waves and high-pressure equations-ofstate (EOS). Shock waves can be studied and EOS parameters can be measured in actual nuclear tests, but this is expensive and the number of available experiments is very limited. It is also difficult to look at the microscopic structure of shocks on nuclear tests. We have been exploring the use of high-energy lasers to study shock structure and measure EOS parameters. Work of this type has been undertaken by several researchers using thick, transparent targets. They observed shock waves traveling through the materials by shining a second laser through a sample onto a camera, and they deduced pressures, densities, and temperatures behind the shock.
Because we would like to look at thin, opaque samples, sidelighting with another laser will not work. However, we believe that we can measure shock velocity and perhaps free-surface velocity for such a sample. Shock velocity can be measured by a technique analogous to that used on nuclear tests. In Nevada we set light pipes at various depths into materials and observe the shock arrival at these depths by the emerging shock's own luminosity, which is usually recorded by an array of A 5
photomultipliers. ' In the case of a laserdriven shock, we can use an ultrahigh-speed streak camera to time the shock arrival by observing the light emitted from various layers (see Fig. 1 ). shows that the expanding plasma spreads to a width of about 800 pm in 25 ns.
Imm Fig. 4 . Streak-camera data at low magnification (x 5.5) showing the time dependence of the light emerging from the backs of four 13-iim-thick aluminum targets after each was struck by a 100-um-diam, 300-ps laser pulse of about 35 J. The streaks run from top to bottom. They show an intense light pulse that lasts for about 0.8 ns and is followed by a dimmer light lasting for at least 25 ns. Figure 4d is overexposed, exaggerating the initial bright pulse but clearly showing the first 6 ns of the tail. What we see is much too small for the pressure range we expect. Therefore we ascribe the trapezoidal shape to a combination of lateral unloading and nonuniform laser-spot intensity distribution.
A particularly interesting feature of Fig. 5 is the small blob of intense light that appears on the right-hand side about 800 ps after the first shock breakthrough. This has to do with the 45°v iewing angle and the way the blowoff tends to obscure the emerging shock (see Fig. 6 ). The exact details of this effect are not understood, but two theories may explain the data: 1) the free surface bulges out to a point where the edge near the objective lens is nearly normal to the line of sight and the radiating layer is viewed through a minimum optical depth; or 2) the laser blows a disk out of the foil (somewhat like n cookie cutter) and we see the hot plasma behind-consistent with the 800-ps delay. This feature, called the rightshoulder effect, is prominent and appears on nearly every shot.
C. Shock Velocity
We measure shock velocity by observing the time difference between shock emergence on the two sides of a measured step in the foil. Because the right-shoulder effect tends to obscure the breakthrough when the thick side is on the right, we 100/im i''ig. 5. Streak-camera data at high magnification (x 33). Time increases from top to bottom. With adequate streak-camera dynamic range, there is no reason why we could not measure this motion and the shock velocity simultaneously.
IV. FUTURE
The intention of this series of experiments was to assess the feasibility of performing impedance-matching experiments on a microscopic scale. camera. With a higher energy laser we can make the spot size larger and thereby spread the stipa farther apart than the 50 urn indicated in Fig. 10 , making them easier to resolve on the photocathode.
With a more sensitive streak camera, we could simply increase magnification.
Perhaps the most significant demonstration of the present studies is the fact that shock widths are in the submicrometer range at pressures of a few megabars.
In the near future we hope to determine the reason for apparent shock decay. To do a meaningful impedance-matching experiment we must have a flat-topped shock persist during penetration of all the layers across which we measure time intervals.
One way to obtain a cleaner, flatter pressure pulse is to construct a microscopic flyer plate. The 
